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ABSTRACT
Residential HVAC systems are selected and installed based on the goals of the customer. For spec homes, which are
homes built with no particular buyer in mind and with selection of materials and equipment to satisfy city requirements
and current market trends, the most common types of systems used are the traditional ducted with minimum efficiency.
However, for custom homes, the recent trend has included high efficiency HVAC systems that are often accompanied
by air-tight home envelopes with highly thermally resistant foam insulation in the walls of the structure. These high
efficiency HVAC systems employ inverter-driven compressors, fans, and blowers and are referred to as ‘Variable
Speed’ systems in the marketplace. These HVAC systems are typically of the ducted variety in North America, but
variable speed ductless systems have gained popularity in the last several years. In this study, a traditional ducted heat
pump (TDHP) system and a ductless multi split heat pump (MSHP) system have been experimentally studied in one
of the test homes at the Trane Residential Heating and Cooling Research Lab at the University of Texas at Tyler
situated in the US Climate Zone 3. The purpose of the study was to evaluate two systems under similar conditions and
to compare them based on their thermal comfort, performance, energy consumption, and up-front costs. The test home
is an “open-concept” with three bedrooms and two bathrooms. For the purpose of this study, the house was divided
into two thermal zones with the three bedrooms and two bathrooms as zone 1, and the open space comprising the
kitchen, dining, and living room as zone 2. The TDHP system was a variable speed heat pump with a zoning system,
and MSHP was also a variable speed system which consisted of a ceiling cassette unit installed in zone 2, and a lowprofile concealed ducted unit in zone 1. Indoor temperature, indoor relative humidity, energy consumption, and
weather data from an onsite weather station were acquired and used to perform the comparison. The data were
collected and analyzed for the summer of 2021. The cooling season results showed that the TDHP system provided
better indoor temperature set-point hold, and superior humidity control by keeping the average relative humidity at
45% during the cooling season while the average relative humidity during the operation of MSHP system was 58%
with values being as high as 64%. The TDHP system also demonstrated 29% lower energy consumption, despite the
two systems having similar hang-tag efficiency ratings.

1. INTRODUCTION
Although most spec homes in North America use the traditional ducted minimum efficiency HVAC systems for
heating and cooling, there are also several high efficiency systems available which employ inverter-driven
compressors, fans, and blowers that are referred to as ‘Variable Speed’ systems. While such systems are typically
ducted systems, ductless systems are gaining popularity as well. A ductless heat pump system consists of an outdoor
unit that provides hot or cold refrigerant into a house to one or more wall- or ceiling-mounted indoor fan-coil units.
The system does not require any ductwork for supply or return. Because the systems are ductless, energy losses
through duct leakage and conduction to unconditioned spaces are eliminated (Pang et al., 2019). The results of the
ductless heat pump experiment from Pacific Northwest National Laboratory Lab Homes Ashley et al. (2020) showed
that the ductless system can save between 22% and 45% energy consumption. The field test results from comparison
between the traditional ducted system and ductless system by Roth et al. (2013) showed that the temperature for the
traditional ducted system was within the comfort zone for an average of 74% of the time, and for the ductless split
system, it was 87%. Although many ductless systems have relative humidity control modes that improve moisture
removal, these still need improvement and are not adequate to maintain indoor relative humidity below 60% without
supplemental dehumidification (Withers, 2018). In their study for evaluating moisture control of variable capacity
heat pumps, Martin et al. (2018) observed periods of increased indoor relative humidity in four homes solely cooled
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using mini and multi split systems without supplemental dehumidification with the indoor humidity exceeding 60%
for a maximum period of a day.
Although the ductless system is shown to be highly efficient by several studies, little effort has been made to compare
the system with a similar technology under same operating conditions in the same building. Since both traditional
ducted and ductless systems have their own advantages and disadvantages, a fair comparison can be useful for owners
and installers making decisions selecting residential HVAC systems. Therefore, with the idea of comparing two high
efficiency technologies under the same conditions, two systems were installed in one of the test homes located at the
University of Texas at Tyler to compare them based on their thermal comfort, performance, energy consumption, and
up-front costs. In this paper, the cooling season results from the comparison between a traditional ducted, zoned,
variable speed heat pump and a zoned, variable speed multi split heat pump are presented.

2. EXPERIMENTAL SETUP
2.1 Research Facility

The facility is an unoccupied research house located at the main campus of the University of Texas at Tyler. The
research house is situated in the US Climate Zone 3 (Hot and Humid). The house has a conditioned space of
approximately 150 m2 (1,600 square feet) with three bedrooms and two bathrooms and an open concept for the kitchen,
dining area, and living room. The house is a conventionally designed home with energy efficient features that grants
a home energy rating system (HERS) index of 65 where standard new and existing homes index are at 100 and over.

2.2 HVAC Systems

The selection and installation process of the HVAC systems at the research facility started by obtaining the initial cost
from different contractors. Several contractors were contacted, and bids were received for the systems to have an idea
on what would be the system recommendations of different installers and the up-front cost of the systems. Table 1
shows the different bids received from the contractors for a TDHP system and a MSHP system, including the
description of equipment proposed in the bid.
Contractor
A
B
C

Table 1: System Installation Bids with Equipment Description
Total Bid
Equipment
TDHP
MSHP
TDHP
MSHP
2 Ton zoned variable
2.5 Ton multi split heat pump with 1 low profile
$10,019
$9,700
speed ducted system.
concealed duct unit and 1 ceiling cassette unit.
3 Ton zoned variable
3 Ton multi split heat pump system with 1 wall
$11,830
$20,350
speed ducted system.
mounted air handler and 2 ducted air handlers.
2 Ton zoned variable
2 Ton multi split heat pump with 2 ducted air
$20,780
$23,217
speed ducted system.
handlers and 1 highwall unit.

Based on the bids received, contractor A was hired. The contractor installed both systems as new installations and cost
estimates included the up-front costs for installation in a new construction. In this study, both HVAC systems were
configured to control two zones of the research house with zone 1 constituting the three bedrooms and the two
bathrooms, and zone 2 representing the open space. The traditional ducted system installed was a variable speed heat
pump with two modulating dampers to create a zoning system. The multi split system consisted of two different types
of indoor units in zones 1 and 2. A ceiling cassette unit was installed in zone 2 and a low-profile concealed duct unit
equipped with supply and return ducts to replicate the traditional ducted system was installed in zone 1. Ductless
HVAC manufacturers offer a “low profile” air handlers that can handle short duct runs, and such system was used in
the study to deliver conditioned air to the three bedrooms in zone 1. Table 2 shows the parameters of the installed
TDHP and MSHP systems. The research facility layout and the duct layout for both the traditional ducted heat pump
and the ductless multi split is shown in Figure 1.
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Table 2: Parameters of TDHP and MSHP systems installed
Parameters
TDHP System
MSHP System
Compressor
Variable Speed
Variable Speed
Capacity
2 Ton
2.5 Ton
SEER Rating
18
18
HSPF Rating
10
11
Refrigerant
R410A
R410A

Figure 1: House Layout, Traditional Ducted Heat Pump (Left), Ductless Multi Split Heat Pump (Right).

2.3 Data Acquisition

The data collected for this study included the temperature, relative humidity, energy consumption, as well as weather
data such as outdoor temperature, outdoor relative humidity, and dew point. In this section, the hardware, software,
and the sensors used for data acquisition are discussed.
2.3.1 Sensors: Thermocouples and humidity sensors were employed in the research facility to take measurements
every 15 seconds. Figure 2 shows where thermocouples are placed with one relative humidity sensor in each zone.
The sensors were located at a height of 1.1 m (43 in), chosen based on the ASHRAE Standard 55 requirements of
measurement locations for seated and standing occupants. Along with ASHRAE Standards 55 and 113, ASHRAE
Standard 70 – Method of Testing Performance of Air Outlets and Inlets was referred for information regarding
accuracy requirements of temperature and relative humidity sensors. Table 3 shows the accuracy of sensors in his
study that meet the requirements of ASHRAE standards.
Table 3: Sensor Accuracy Requirements
Variable
ASHRAE Standard
Accuracy
Std. 55- 7.3.4
±0.4°F (±0.2°C)
Air Temperature
Std. 70- 4.1.1
±0.2°F (±0.1°C)
Std. 113- 5.1, 5.2
±0.4°F (±0.2°C)
Relative Humidity
Std. 55- 7.3.4
±5% RH
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Temperature measurements were taken from T-type thermocouples. Prior to full data acquisition, the thermocouples
were calibrated to ensure accuracy in recordings. Relative humidity sensors were located in the middle of each room.
A total of 29 thermocouples and 6 relative humidity sensors were used for recording the data. The sensor used for
relative humidity measurement was a Dwyer RHP-2W10 that had a 2% accuracy and operated on a 4-20 mA output
signal.
2.3.2 Hardware: An automatic data acquisition system was employed for data monitoring and recording. The indoor
data acquisition was accomplished by using real time software using LabVIEW to record data at an interval of 15
seconds. In addition, an onsite weather station was used to record the weather parameters at an interval of 1 minute.

Figure 2: House Layout with thermocouples and relative humidity sensors.

3. RESULTS AND DISCUSSION
The performance assessment and comparison of the traditional ducted heat pump (TDHP) and the multi split heat
pump (MSHP) system in this study was done based on thermal comfort and total cost. Thermal comfort of occupants
is achieved by most of the HVAC systems available in the market by controlling the ambient dry-bulb temperature to
the setpoint temperature set in the thermostat. While most HVAC systems do not control to a relative humidity setpoint, some of the high efficiency systems have humidity control algorithms to attempt to keep it at or below a
threshold. Nevertheless, space humidity is part of thermal comfort and is evaluated as part of this study. The total
cost of the system considers the up-front cost and the operating costs over the estimated life of the equipment. The
results presented in this paper compare the system based on temperature performance, humidity performance, and
total cost of owning the system.

3.1 Test Setup

The analysis of the cooling performance was done by setting both TDHP and MSHP systems at a constant setpoint
temperature of 23.9°C (75°F) throughout the summer. Additionally, the TDHP system offered a relative humidity
control setpoint which was set up at a dehumidification target of 50% relative humidity. The MSHP system did not
have any humidity control setpoint but offered a “Dry Mode” for dehumidification. Both “Dry mode” and normal
cooling mode have been tested for the MSHP system in this study. However, this study only applied “Dry mode” for
one week because, in this mode, the system lowers humidity in the space at the expense of the dry-bulb temperature
control, resulting in significant over-cooling of the space. The thermostats for both systems were located next to each
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other to minimize any differences in temperature control due to thermostat placement. Data collection for each system
was done for six days a week, with the 7th day used to transition to the system being switched every week. The systems
were run every other week to collect data for each system under comparable weather conditions, which helped to
ensure that similar weather variations were experienced with each system throughout the cooling season.

3.2 Temperature Performance

Thermal comfort depends on many factors, but for residential HVAC systems, the owners only have control on the
temperature setpoint in the thermostat, as discussed earlier. Therefore, in this study the indoor temperature was
considered as one of the primary factors to evaluate the thermal comfort achieved. Air Conditioning Contractors of
America (ACCA) has different standards and benchmarks for thermal comfort evaluation of an HVAC system, and
ACCA Manual RS (ACCA, 1997) was used as a reference for the temperature performance comparison metrics used
in this paper. A system controls the indoor temperature when it is in operation and the compressor is running.
Depending on the internal heat gains and the weather conditions, there are several periods in a day when the
compressor is in idle state, and the system is not in operation. So, to characterize the actual performance of a system,
only the data when the system is in operation and is actively controlling temperature were considered. In this study,
a system was considered in “not controlling” mode when it is in idle state for at least 1 hour. The system controlling
data was used to compare systems by generating the probability histogram of the cumulative cooling season data and
comparing the mean, quantiles, and standard deviation of the distribution.
3.2.1 Temperature control: The temperature control performance of a system is based on how close to the setpoint the
indoor dry-bulb temperature is held over time. The indoor temperature control by both TDHP and MSHP systems
were visualized by generating plots of the room average temperature for each zone and comparison of the systems
was done on days with similar outdoor conditions. The similar outdoor conditions were selected by visual comparison
of the data for the days of the week to be compared. The plots also included the compressor operation indicator to
visualize the system runtime. Figures 3 and 4 show the zonal average temperature plot for the TDHP and the MSHP
system, respectively on days with similar outdoor conditions. The results show that, while both systems were able to
hold the indoor temperature close to the setpoint temperature, the TDHP system was able to have a tighter temperature
control for longer periods of time during the hottest hours in the day compared to the MSHP system.

Figure 3: Zone 1 and Zone 2 Average Temperatures, TDHP (08/20/2021).

Figure 4: Zone 1 and Zone 2 Average Temperatures, MSHP (08/27/2021).
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To visualize the temperature control of the systems quantitively, a probability histogram plot along with mean and
standard deviation were generated illustrating the trend of the cumulative data over the entire cooling season that
lasted more than 4 months. Figure 5 shows the temperature distribution for the average of the house for both the TDHP
system and the MSHP system. The cooling season results show that the mean indoor temperature of the distribution
for both the TDHP and the MSHP was 23.8°C (74.8°F), which is very close to the setpoint. The standard deviation of
the distribution for the TDHP system was 0.20°C (0.36°F), while for the MSHP system it was 0.32°C (0.58°F). So,
the TDHP system showed better temperature control with more data closely packed to the setpoint and lower standard
deviation.

Figure 5: Probability Distribution of House Temperature for TDHP and MSHP Systems. (06/04/2021-10/13/2021).
3.2.2 Room temperature to setpoint deviation: The temperature control of the systems was also analyzed by calculating
the mean absolute temperature deviation from the setpoint temperature. ACCA Manual RS (ACCA, 1997) defines
maximum room to setpoint temperature difference for a cooling season to be ±1.67°C (±3°F). The room temperature
deviation from the setpoint was calculated as the Mean Absolute Error (MAE) of the room to setpoint temperature
difference.
A probability histogram plot of the cumulative data was generated to illustrate the trend of temperature deviation from
the setpoint for both systems. Figure 6 shows the room to setpoint temperature deviation distribution for house data
for both TDHP and MSHP systems. The MAE of the temperature for the TDHP system was 0.31°C (0.56°F), while
for the MSHP system it was 0.45°C (0.81°F). So, the TDHP system showed slightly better temperature control.

Figure 6: Room to Thermostat Setpoint Temperature Difference for the House (06/04/2021-10/13/2021).
3.2.3 Spatial temperature variation: Spatial variation is the measure of the difference between the maximum and
minimum temperature at an instant of time within a single zone or multiple zones with same setpoint temperature.
ACCA Manual RS (ACCA, 1997) defines the spatial thermal uniformity in a conditioned space to be a maximum of
3.33°C (6°F) for a cooling season. For the spatial variation, the difference in temperature was determined as the
maximum difference between the average temperature for each room, that means the maximum room to room
temperature difference at each interval of time the data were recorded. The differences were used to generate the
probability histogram and to find and compare the mean and the percentiles of the distribution for the systems. Figure
7 shows the room-to-room temperature variation of the whole house for both TDHP and MSHP systems. The results
show that the average spatial variation for the TDHP system in the house was 0.8°C (1.4°F), while for the MSHP
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system it was 1°C (1.9°F). The 99% quantiles for the TDHP system and MSHP system were 1.5°C (2.7°F) and 2°C
(3.6°F), respectively. So, both systems were able to maintain spatial uniformity within the ACCA benchmark of
3.33°C (6°F). However, the TDHP system has a better spatial uniformity control capability because its mean, 95th and
99th percentiles are better than the corresponding values of the MSHP system.

Figure 7: Room to Room Temperature Difference for the House (06/04/2021-10/13/2021).

3.3 Humidity Performance

To compare the humidity control by the systems for each day while taking weather variations into account, a
dehumidification performance plot was used to compare the actual daily dehumidification with respect to a reference
humidity load. The daily humidity load is the expected dehumidification by the systems based on the ideal indoor
conditions of 23.9°C (75°F) dry-bulb and 50% relative humidity, and the daily dehumidification is the actual
dehumidification achieved based on measured indoor conditions. The daily dehumidification of a system is obtained
from the sum of the differences in humidity ratio between the outdoor (𝑤𝑤𝑜𝑜 ) and indoor (𝑤𝑤𝑖𝑖 ) conditions for each time
interval of data collection for 24 hours as shown in Equation (1). The daily humidity load was obtained as the sum of
differences in humidity ratio between the outdoor (𝑤𝑤𝑜𝑜 ) and reference �𝑤𝑤𝑟𝑟𝑟𝑟𝑟𝑟 � conditions for each time interval of data
collection. Equations (1) and (2) were used to calculate the humidity load and achieved dehumidification (relative to
each other) of a system over 24 hours of data collection with a time interval of 15 seconds, where n is the number of
data points collected in a day, and k is the time interval. It should be noted that the actual Daily Dehumidification and
the Daily Humidity Load are proportional to the equations shown below, and are not absolute energy values, but rather
relative comparators, so that when they are plotted against each other, the dehumidification performance can be easily
observed. For example, if the equipment keeps the measured interior humidity ratio (𝑤𝑤𝑖𝑖 ) equal to the ideal humidity
ratio �𝑤𝑤𝑟𝑟𝑟𝑟𝑟𝑟 � corresponding to 23.9°C (75°F) dry-bulb/50% relative humidity, that would mean the Daily
Dehumidification equals the Daily Humidity Load and the space balances at a relative humidity of 50%.
𝑛𝑛

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝐷𝐷ℎ𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢𝑢 ∝ �(𝑤𝑤𝑜𝑜 − 𝑤𝑤𝑖𝑖 )𝑘𝑘
𝑛𝑛

𝑘𝑘=1

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 ∝ ��𝑤𝑤𝑜𝑜 − 𝑤𝑤𝑟𝑟𝑟𝑟𝑟𝑟 �𝑘𝑘
𝑘𝑘=1

(1)

(2)

Figure 8 shows the plot of daily humidity load versus daily dehumidification for both systems operating over the entire
cooling season from June to October, where each symbol/point represents a 24-hour period quantifying
dehumidification performance. From the figure, TDHP dehumidified more effectively than the MSHP system. The
average relative humidity maintained during the summer for the TDHP system was 45%, and the maximum relative
humidity attained during the period was 50%. For the MSHP system, the average relative humidity in the house during
the summer was 58% while the maximum value of the relative humidity during the operation was 64%. The results
represent an average of 13% relative humidity difference in the house during the summer season.

3.4 Ductless Multi split System Dry Mode

Since the TDHP system has humidity control capabilities by enabling a desired relative humidity target, there was an
attempt to find similar capability for the MSHP system. The system comes with the “Dry Mode” option that was tested
but it was not useful because in trying to control the humidity, the mode loses control of indoor temperature and results
in significant over-cooling of the space. Therefore, it was not of interest for the comparison with the TDHP system.
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Like the MSHP cooling mode, the MSHP Dry Mode was also set at the setpoint temperature of 23.9° (75°F). The
humidity performance plot was used to compare the dehumidification capabilities of the MSHP system with and
without the dry mode enabled. Figure 9 represents the humidity performance of the MSHP system with cooling mode
only and dry mode enabled. The results show that the daily dehumidification by the MSHP system in drying mode
was higher than the system when is in normal cooling mode. Although the average indoor relative humidity of the
system running in “Dry Mode” was lower than the average relative humidity of the system running in “Cooling Mode”,
the indoor thermal comfort was also impacted by the drying mode. Figure 10 shows the indoor average temperature
for zone 1 and zone 2 with the MSHP drying mode running. The figure shows that the system controlled the
temperature significantly below the set point temperature (over-cooling by as much as 3.33°C (6°F) in the extreme).
As a result, in trying to control the humidity in the house, the MSHP drying mode controls the indoor temperature at
a lower setpoint than what is desired, surely resulting in thermal discomfort.

Figure 8: House Humidity Control Performance (06/04/2021-10/13/2021).

Figure 9: House Humidity Control MSHP System

Figure 10: MSHP System Dry Mode Temperature Control
(08/11/2021)

3.5 Energy Consumption

A plot of daily energy consumption versus the Cooling Degree Days (CDD) (°C) was made to compare the energy
performance of the two systems. Figure 11 shows the plot of energy consumption for both TDHP and MSHP systems,
along with a linear curve fit. Equations (3) and (4) are the fits for the TDHP and MSHP system, respectively.
𝐸𝐸𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 1.47 × 𝐶𝐶𝐶𝐶𝐶𝐶 + 3.26 [±13%]
𝐸𝐸𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 = 1.82 × 𝐶𝐶𝐶𝐶𝐶𝐶 + 4.54 [±20%]

(3)
(4)

Using Equations (3) and (4), a prediction for the cooling season energy consumption was done by using the CDD for
all the days in the summer. Independent of the system operating on each day, the CDD of all days were used to obtain
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the energy consumption that would have happened if only one system was operating during the whole summer season.
The cooling energy prediction results for both TDHP and MSHP system showed that the TDHP system consumes
about 29% less energy compared to the MSHP system, while performing more dehumidification over the entire
cooling period (see Table 4). Although the two systems had similar efficiency ratings, the TDHP system showed better
energy efficiency while providing better thermal comfort compared to the MSHP system.

Figure 11: Energy Consumption Plot for TDHP and MSHP systems (06/04/2021-10/13/2021).

3.6 Economic Analysis

The total cost of owning a system involves the initial cost and the operational costs. To have an idea of the up-front
costs for the two systems, bids were received from different contractors for comparison. The cost estimates from the
contractors included the up-front costs for installation in a new construction. The bids received (see Table 1) shows
that the up-front cost including equipment and labor of a TDHP system can range between about $10,000 to $21,000,
while the cost for a MSHP system can range between about $10,000 to $23,000. Additionally, the cost of MSHP
system was significantly higher than the TDHP system in two of the three bids received. Among the bids received, a
contractor was hired to install the system, and the cost of the systems were $10,019 for the TDHP system, and $9,700
for the MSHP system. The annual cooling energy consumption for the systems was used for performing an economic
analysis to find the present value of cooling energy consumption over the life of the equipment. A prediction for the
annual total cooling energy usage for both systems was done with Equations (3) and (4), by using the CDD for all the
summer season days. To convert the energy consumption into dollars, an electricity rate is needed with a discount rate
to bring the future operating cost to the present value. Therefore, a discount rate of 3% as provided by the Department
of Energy (2021) was selected for a period of 15 years. The cost of electricity was considered to be $0.11/kWh for the
analysis. The annual cooling energy usage and the total energy cost over the life of the equipment calculated using the
discount rate and cost of electricity are shown in Table 4. The results show that the total cooling energy cost for the
MSHP system over 15-year analysis period using 3% discount rate would be $428 higher than the cooling energy cost
for the TDHP system. The $428 savings from TDHP system compensate for the difference in the initial cost between
the systems which was $318. Therefore, from an economic standpoint, the up-front cost of systems was found to vary
between different contractors, while the operational costs of the TDHP system was found to be lower compared to the
MSHP system.
System
TDHP
MSHP

Table 4: Total energy cost for systems for 15-year period.
Cooling Energy Usage
Annual Cost of
Energy Cost over
(kWh/yr)
Energy
15-year period
1103
$121
$1,449
1430
$157
$1,877

4. CONCLUSIONS
This paper presented a performance and cost comparison between a traditional ducted heat pump and a multi split
system. The research was conducted at the research facility located in the University of Texas at Tyler situated in US
climate zone 3. Indoor temperature, indoor relative humidity, energy consumption, and weather data were acquired
for the summer of 2021 from June to October and used to perform the comparison based on temperature, humidity
control, and energy consumption. The results showed that the traditional ducted heat pump was able to provide a better
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temperature control in the house by keeping the temperature closer to the setpoint and maintaining better spatial
temperature uniformity compared to the ductless multi split system. The traditional ducted heat pump also
demonstrated significantly better dehumidification capabilities by maintaining the average relative humidity in the
house at 45% with a maximum value of 50%, while the average relative humidity in the house during the operation
of MSHP system was 58% with humidity values reaching as high as 64%. A prediction of annual cooling energy usage
by the systems was done by using a linear curve fit obtained from the plot of the energy consumption versus the CDD.
The results showed that the traditional ducted heat pump consumes 29% less energy compared to the ductless multi
split heat pump if operated for the entire cooling season, despite the two systems having similar hang-tag efficiency
ratings. The performance of a HVAC system is a combination of different factors including the house, distribution of
air, interaction of ambient air with the thermostat, and the response of the control system. In this case, the traditional
ducted system performed better compared to the multi split system in these aspects and hence showed better
temperature and humidity control and better energy efficiency.

NOMENCLATURE
TDHP
MSHP
CDD
TROOM
TSETPOINT
n
k
wo
wi
wref
ETDHP
EMSHP

Traditional Ducted Heat Pump
Multi split Heat Pump
Cooling Degree Days
Room Temperature
Set point Temperature
Total number of data points
Time interval
Outdoor humidity ratio
Indoor humidity ratio
Humidity ratio at 75°F and 50% relative humidity
TDHP System Energy Consumption
MSHP System Energy Consumption

(°C)
(°C)
(°C)
(sec)
(kg/kg)
(kg/kg)
(kg/kg)
(kWh)
(kWh)
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